Effects of human disturbances on the distribution of wintering waterfowl were studied in 64 irrigation ponds in the Saijo basin, western Japan, during 1998-99. Thirteen waterfowl species were recorded in 27 ponds. 100% of the waterfowl were distributed in ponds located in residential areas in 1998. Small number of the residential species, the Spot-billed Duck (Anas poecilorhyncha), used a single pond in forest in 1999. Waterfowl in residential ponds were regularly disturbed by natural and human disturbances except for hunting. Pedestrians, anglers and bird watchers caused the highest number of disturbances in both years. We suggest that waterfowl are capable of habituating to frequent and regular non hunting disturbances, which helped them to occupy the ponds in residential areas. Hunting was the most critical factor on the distribution of waterfowl in Saijo basin. Potential risk of shooting caused waterfowl to forgo using the ponds in forests. In addition to hunting, construction work and dry out of ponds caused waterfowl to abandon ponds.
Habitat selection is a function of biological requirements and habitat availability. On the other hand, the use of available habitats is a function of several factors including food requirement, social status, and disturbances (Johnson 1980) . Even in good habitats, disturbances can affect the waterfowl's activity budgets, distribution and ability to store fat reserves necessary for migration and breeding (Ankney & Maclnnes 1978 , Thomas 1983 .
Over the past few decades, there has been an increase in people taking part in outdoor activities (Dill 1978 , Liddle & Scorgie 1980 . Among the outdoor activities, boating (Evenson et al. 1974) , angling (Bell & Austin 1985) , vehicular traffic (Williams & Forbes 1980) , and even bird watching (Tuite et al. 1983 ) have been identified to adversely affect the waterfowl. Among many forms of human disturbance, hunting is the most severe and deadly for waterfowls (Denson 1964) . The activities of hunters are known to cause excessive disturbances with serious negative effects on their conditions (Matthew & Deller 1996) . Kirby et al. (1976) showed that hunting disrupted daily movement pattern of waterfowl.
Few quantitative data are available about the species, population size, distribution and ecological strategies used by waterfowl in the ponds of Saijo basin. This paper identifies the causes of disturbances to waterfowl during winter and investigates the distribu-tion of waterfowl in the Saijo basin in relation to safety.
STUDY AREA
The study was conducted in 64 irrigation ponds in the Saijo basin, Higashi Hiroshima, western Japan (34*22' N, 132*44' E) during 1998 and 1999. Saijo basin extends 12km from east to west and 10 km from north to south. Flow of the basin rivers is small and the irrigation of rice fields is largely dependent upon irrigation ponds (Shimoda 1993) . This dependency on ponds has resulted in the construction of over 1100 medium to small scale irrigation ponds in the Saijo basin (Shimoda 1992) .
These ponds support numerous kinds of water plants including hydrilla (Shimoda 1995) , which are known to be important food for waterfowl (Hench et al. 1994 
METHODS
Waterfowl were surveyed according to waterfowl point count method of Koskimies & Vaisanen (1991) . Sampling dates were divided in to three sessions: sunrise-10. 30, 10.31-14.30, 14.31-sunset (Bergen & Smith 1989) . Each pond was surveyed for thirty minutes in each session during January. Any pond used by waterfowl during the three counts was considered as a used pond.
Area of the ponds was calculated using a computer-coordinating curvimeter (Ushikata 360i).
Ponds were divided into two categories as ponds in residential areas and ponds in forested areas using a 1/25,000 scale topogra- 
2) Non hunting disturbances
The disturbances related to human activities were more frequent than natural or unidentified disturbances.
Pedestrians, anglers, bird watchers and joggers caused the highest number of disturbances in both years. Frequency of these human activities were higher in ponds located in residential areas than ponds in forests (x2=4.44, df=1, p < 0.05 in 1998, x2=5.0, df=1, p <0.05 in 1999) ( Stalmaster & Newman (1978) showed that different bird species quickly become habituated to frequent and regular disturbing events. The ability of waterfowl to use the ponds in the residential areas could be related to growing tolerance of non lethal disturbances.
Waterfowl rarely used small ponds in residential areas. As observed by Abbott (1978) , waterfowl may have used small ponds less frequently due to human disturbances. Thus, non hunting disturbances affected the distribution of waterfowl in residential ponds.
2) Hunting disturbances
Hunting data at the Forestry and Agricultural Office suggests that hunters in Higashi Hiroshima took a large number of waterfowls. However, these data are for Hiroshima Prefecture as a whole. According to the survey of the hunters, there are very few forest ponds in the Saijo basin, which are used by waterfowl. After few birds were taken at the start of the hunting season, waterfowl quickly learn to avoid them. Shooting of other game animals occurred in forests throughout the hunting season. Sound of gunfire involving these animals prevented waterfowl from using the forest ponds.
3) Distribution Geographical distribution of waterfowl wintering in the Saijo basin was influenced by the location of the pond. All species of waterfowl preferred ponds in residential areas over ponds in forests although they had a higher number of non lethal distur- (Haneda 1957) , it was probably more aware about the changes in the surrounding environment than the migrating waterfowl.
Both hunting and non hunting disturbances affect pond use and the subsequent distribution of waterfowls in the Saijo basin.
However the most critical factor on the geographical distribution of waterfowl in the ponds of Saijo basin was hunting. Hunting is rather unlikely to have an effect on the number of waterfowls since the numbers killed each year are very small. However, hunting will definitely have an effect on the distribution of waterfowl by depriving them access to large ponds inside forests.
Apart from the hunting disturbances, only construction work and drying of ponds prevented waterfowl from using ponds. Considerable human activity associated with the construction work and the loud noise of bulldozers and earthmovers affected the waterfowls. The completion of construction work and filling of ponds, which had been dry during the winter of 1998, contributed to the increase in pond use observed in 1999. Therefore, construction work and the drying of ponds was the only form of disturbances other than hunting, which caused waterfowl to abandon the ponds in the Saijo basin.
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